ZnO is an II-VI semiconductor and the electronic and optical properties of its nanocrystals depend on their size and morphology [1] .This can be attributed to surface-tovolume ratio, rather than to the quantum confinement [2] . ZnO nanostructures have received relatively high interest due to their potential for opto-electronics and sensor devices. The interest for optoelectronic application is due to the fact that, ZnO has a wide band gap of 3.37 eV and a relatively high exciton binding energy of 60 meV, in addition to the defect emissions that covers the whole visible region [2, 3] . ZnO exhibits remarkable properties for sensing applications due to its biocompatibility and high isoelectric point (IEP) ~ 9.5 [4] . These properties are suitable for the adsorption and immobilization of low IEP proteins or enzyme [5] . Due to these properties direct electron transfer between the enzyme's active sites and the electrode can be achieved [5] . It is worth mentioning that, the physical and chemical properties of metal oxides can be tuned through adjusting and controlling their structure and morphology [6] [7] [8] and therefore, the issues related to ZnO morphology have attracted extensive research interest for developing efficient nano-devices for various applications. The synthesis mechanisms are playing important role as the means to this end. Among the several chemicalfabrication methodsfor the production of functional metal oxide nanostructures [7] , is the aqueous chemical growth (ACG) [9] . In addition to the low cost, the ACG can be handled at low temperature < 100 0 C, organic molecules as an additive can also be used e.g., surfactants might be used in an ACG process to control the morphology of the nanostructures.
Earlier, the effect of organic surfactants like polyvinyl pyrrolidone, sodium dodecyl sulfate, polyethylene glycol, ethylene glycol and polyvinyl alcohol on the morphology of ZnO grown by the electrodeposition method have been studied [10] . Here, we report surfactantassisted growth of the ZnO nanostructures with the ACG method by employing different organic additives such as sodium dodecyl sulfate (SDS), sodium dodecyl benzene sulfonate (SDBS), sodium p-toluenesulfonate (NaPTS), and cetyltrimethyl ammonium bromide (CTAB) into the growth solution. The last one is a well-known and common surfactant to grow ZnO [11] . However, different surfactants have been used hereas the source of impurities and as habit-modifying additives that would yield a desired morphology of the ZnO nanostructures [12] [13] [14] . The optical properties of the different ZnO nanostructures were investigated. Furthermore, the ZnO nanostructures grown with different surfactants were used for the detection of glucose using the potentiometric method. [14] .The habit-modifying additives are usually selectively adsorbed on one face and hence inhibit growth of this face.After completion of the growth duration,the samples were washed with deionized water and dried at roomtemperature.
X-ray powder diffraction (XRD) measurements to examine the crystalline quality were performed using Phillips PW 1729 powder diffractometer. Figure 1 shows the XRD patterns of the ZnO with and without the surfactant-assisted growth of ZnO nanostructures. All the Xray spectra show well-defined peak at 34.442 0 that corresponds to (002) plane and it is an indication that the growth orientation is along the c-axis (JCPDS-No 36-1451). All the other peaks can be assigned to hexagonal wurtzite structure of ZnO. Figure 1 suggests that there are no observable differences in the crystallographic orientation of the different ZnO grown nanostructures.
The morphology of the ZnO nanostructures was investigated by field emission scanning electron microscope (SEM: LEO 1550 Gemini). In Figure 2 (a) conventionally grown ZnO nanorods structure is shown [9, and13] .The morphology of the ZnO nanostructures is sensitive to external conditions such as the solution pH value, the choices of the catalyst, and surfactant. It has been believed that the anisotropic shape of inorganic nanocrystal can be influenced by one or more of different parameters i.e. kinetic energy barrier, temperature, time, and the nature of the capping molecules [15] . Here, the capping molecule is the only investigated parameter. However, the surfactant access with the existence of HMT might be producing a complex surrounding the nanostructures environment [16] There are several interfacial phenomena that can be considered in the growth mechanism of these structures, e.g. adsorption, surface tension, and the critical micelle concentration [17] . This is because the surfactant molecules have both hydrophobic and hydrophilic portions in their structures. However, the adsorption phenomenon is more decisive factor for the capping molecules. The adsorption of surfactant molecules on the highenergy face of crystals is in the order NaPTS> CTAB >SDS> SDBS [18] . In the first two cases the capping molecules strongly inhabited the usual growth habit of ZnO nanorods i.e.
along the c-axis which is a well-known to have a higher growth velocity compared to the other growth directions [19] . Whereas for the case of the SDBS, and from the SEM shown in Figure 2 (d), it is clear that this surfactant has an equal dimensional contribution on the planes.
While the SDS has the same contributions but has longer chain length of the hydrophobic part and this fact makes the morphology to have a foam shape like structure [20] .
To understand the observed behaviors of ZnO nanostructures, it is necessary to recall the growth mechanism of ZnO nanorods.The possible reactions involved in the synthesis of ZnO nanorods are summarized below [12] :
The HMT plays a role as a buffer medium and also supplies the ammonia (NH3) during the The photoluminescence (PL) properties of the prepared ZnO nanostructures were studied at room temperature. Generally, ZnO have two pronounced peaks of luminescence.
The UV emission peak is so called near band edge (NBE) emission due to free excitonic emission, and possibly assisted remaining donor bound excitonic emission [24] . The other peak is called the "green-yellow" band in the visible region, and is also called the deep level emission (DLE) band. Our grown ZnO nanorods have demonstrated these two peaks clearly. Figure 3 shows the PL spectra of all the grown ZnO nanostructures. Table I shows the PL peak position in the UV region and the full width at half maxima (FWHM). The NBE intensity and shape depends strongly on various parameters such as the dimension of the nanostructures, impurities and defects concentrations [25] . However, in the case of the surfactants molecules assisted growth, the NBE appears as the predominant contribution with relatively position shift and intensity variation. This is attributed to the effect of the surfactants that are absorbed by the surface of the ZnO and might be considered as impurities.
Although bare ZnO has drawn the narrowest FWHM as is shown in Table I . These adsorbed molecules have suppressed the DLE which is an obstacle for obtaining an intense NBE that is expected from ZnO [26] .
A glucose oxidase (GOx) solution was prepared by dissolving 30 mg of enzyme in 3 mL of 10 mM Phosphate buffered saline (PBS) of pH = 7.3 and 300 µL of Glutaraldehyde.
Then later, using drop casting, the GOx was physically adsorbed on the ZnOnanostructures surfaces through electrostatic attraction and the samples were left to dry in a fume hood at room temperature for 3 hours.The electrochemical response of the enzyme immobilized ZnO electrodes was measured against a silver-silver chloride reference electrode at room temperature using electrical instrument (Keithley 2400 model). A stock solution containing
1.89g of glucose in 100 ml PBS was prepared. Figure 4 
This is the mechanism behind the generation of potentiometric response of the fabricated GOx/ZnO/Au electrodes. Because of the generation of charge environment in the reaction vessel and flow of these charges on the surface of a compound semiconductor nanomaterial which provide a solid platform for the production of strong electrical signals in an output potential [28] .The different morphology of the ZnO nanostructures was realized by incorporation of a small amount of surfactant as impurities in the growth solution. The impurities act as extrinsic donors (or acceptors), thus these impurities would significantly change the conductivity of the sensor electrodes [29] .
This also could be deduced from Table I i.e. the energy band gap have been affect by the different surfactants where are varied from 3.253 eV for bare ZnO to the maximum value of 3.269 eV belonging to ZnO:CTAB . The surfactants are believed to be localized at the surface [19] and therefore could be considered as impurities. The increased sensitivity and selectivity of the sensors for exposure to glucose molecules have been realized by incorporation CTAB.
CTAB is a cationic surfactantwhile the rest are to some extent anionic surfactants.ZnO has been screened with more holes since the adsorbed mechanism is suggested to be on the surface of the ZnO. According to Eq.(5) the target analytes have a positive "H" and negative "gluconate -" charge, consequently the CTA + molecules would communicated with the negative ions and at the same time the ZnO would detect the positive ions thus the overall signal that reach the Au electrode is propagated. This is also consentient with the results reported in [30] , where the enhancement in the sensitivity realized using CTAB was demonstrated. On the other hand, Br -after dissociating in water possibly canbe incorporated at oxygen site and could serve as ashallower donor level [31] ; therefore the ZnO conductivity is increased. While the lowest sensitivity towards glucose molecules is attributed to the fact that theNaPTS in water would be dissociated into PTS and Na + that might act as a p-type doping and the conductivity will bedecreased.Therefore, one could ascribe that effect of the surfactants into the band gap (see the inset in Figure 4 ).These effects along with the large volume to surface ratio tailoring the properties of the ZnO-GOx interface through engineering of morphology and effective surface area.
In summary, different ZnO nanostructures were grown by surfactant-assisted ACG method on Au coated glass substrates. The morphology was observed to be altered by the use of the different surfactants. The crystal quality was found be the same for all the samples. The PL properties of the prepared ZnO nanostructures at room temperature showed a paramount UV peak and the "green-yellow" is to some extent suppressed. The UV intensity and shape are depending on the surfactants that are absorbed by the surface of the ZnO and might be considered as impurities. These adsorbed molecules have direct contributions on the optical band gap of ZnO. Consequently, the sensing properties towards glucose molecules have been affected. ZnO:CTAB has shown wider range of detection "1x10 -6 -1x 10 -2 M" as compared to the others surfactants. The sensor sensitivity was 66 mV/decade. This sensing property is attributed to the fact that CTAB is cationic surfactant while the rest vary between anionic surfactants and neutral molecules. 
